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Objective: To evaluate the 25-hydroxyvitamin D [25(0H)D] concentrations in individuals in the city of Sao Paulo belonging 
to different age groups and exhibiting specific behavioral characteristics and to correlate the 25(0H)D concentration with 
the level of UV radiation (UVR). 

Results: The UVR values varied throughout the year, following a sinusoidal-like pattern. Because of the Earth's orbit, 
we hypothesized that there would be cyclic patterns for the 25(OH)D and UVR values that repeat every 12 mo. The gen- 
eral formula is represented by the equation 

/> + />. sin( _^. (,_/>)) 

The mean 25(OH)D concentration and the amplitude of the variation were significantly higher for the YOUNG and 
ACTIVE groups than for the COMMUNITY and NURSING groups. The nadir for UVR was in June, whereas the nadir for the 
25(OH)D concentration was in the spring, corresponding to a delay of one season. 

Patients and Methods: A total of 591 individuals were included, distributed as follows: 177 were living in institutions 
(NURSING, 76.2 ± 9.0 y old), 243 were part of the community elderly (COMMUNITY, 79.6 ± 5.3 y old), 99 were enrolled in 
a physical activity program targeting the elderly (ACTIVE, 67.6 ± 5.4 y old) and 72 were young (YOUNG, 23.9 ± 2.8 y old). 
Blood samples from all individuals were collected throughout the year. UVR measurements were taken by an official 
meteorology institution. 

Conclusions: There was seasonal variation in the 25(OH)D concentration for all the groups studied; however, the am- 
plitude of the variation was higher for the groups of young and physically active people, possibly due to the higher level 
of sunlight exposure for these groups. The lowest 25(OH)D concentration was detected in the spring. 



Introduction 

The main vitamin D source is cutaneous production involving 
the conversion of 7-dehydrocholesterol into previtamin D 3 by 
solar U V radiation (UVR) . Once formed, previtamin D 3 is con- 
verted into vitamin D 3 by a thermally induced rearrangement. 
The photosynthesis of vitamin D 3 is dependent on the latitude, 
the time of day, the season of the year and the concentrations of 
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atmospheric ozone and pollutants. 1 " 4 In addition, vitamin D syn- 
thesis decreases with age, diminished sunlight exposure, higher 
melanin content of the skin and greater use of non-translucent 
clothing and sunscreen; all of these factors have been extensively 
described in the literature. 5 " 9 

Seasonal variations in the 25-hydroxyvitamin D [25(OH)D] 
concentration have been demonstrated in temperate latitudes. 
Surprisingly, people in southern European countries had lower 
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Figure 1. Distribution of the mean UVR levels (mJ/cm 2 ) according to the month of the year and time of 
day. 



25(OH)D concentrations than people from northern coun- 
tries. 1011 These data suggest that the 25(OH)D concentration is 
also influenced by habit-related factors, vitamin D supplementa- 
tion and dietary sources. 

The present study, named SPADES (The Sao PAulo Vitamin 
D Evaluation Study), was designed to evaluate the correlations 
between the 25(OH)D blood level and UVR measurements in 
the city of Sao Paulo, Brazil (23°34'S, subtropical weather), in 
four different population groups characterized by age and behav- 
ioral characteristics. 

Results 

The mean UVR levels are presented in Figure 1, according to the 
month of the year and time of day. The highest mean UVR levels 
were measured in the summer months and at the hottest times 
of the day. A sinusoidal equation that represents cyclic repetition 
every 12 mo was created, and the general formula is 



p i+ p 2 . sm (-^-( t -p 3 )) 

The lowest value for the UVR was measured between the 
months of June and July. 



Table 1 presents the means and 
standard deviations (SDs) of the 
UVR (mJ/cm 2 ) and 25(OH)D 
(nmol/L) values grouped accord- 
ing to the season of the year and the 
study group. There were statistically 
significant differences in the UVR 
level between the four seasons, with 
the UVR level being higher during 
the summer and lower during the 
winter (p < 0.001). All the study 
groups exhibited significant differ- 
ences in the 25(OH)D concentra- 
tion according to the season of the 
year. 

For the 25(OH)D measurements, 
samples were collected from the 
COMMUNITY group throughout 
the entire year, and therefore, it was 
possible to construct a sinusoidal 
curve using the same formula (Table 
2; Fig. 2). For the COMMUNITY 
group, the lowest 25(OH)D concen- 
tration was measured in the spring. 
For the YOUNG group, samples 
were collected over a period of 6 mo 
(from August to February). Using 
these results, it was possible to con- 
struct a sinusoidal curve, and this 
curve also had the lowest value in 
the spring (Table 2; Fig. 2). Blood 
samples were drawn during only 2 
mo for the NURSING and ACTIVE groups, and based on the 
assumption that the 25(OH)D levels of these groups cycle the 
same manner as observed for the COMMUNITY group and 
based on the UVR model, sinusoidal curves were created (Fig. 2). 

For the COMMUNITY group, no correlations were found 
between the 25(OH)D level and the UVR level from the same 
season (r = -0.03). In contrast, a strong correlation was found 
between the current 25(OH)D concentration and the UVR lev- 
els from the previous season (r = +0.98, p < 0.001). 

Figure 3 shows the curves for the mean 25(OH)D levels of 
each population group throughout the year along with the cor- 
responding UVR means. The amplitude of the variation in the 
25(OH)D concentration was highest for the YOUNG group, fol- 
lowed by the ACTIVE, COMMUNITY and NURSING groups 
(Table 2). Although the lowest value for the UVR level was mea- 
sured during the winter, the lowest 25(OH)D concentration was 
measured during the spring, corresponding to an average delay 
of one season between UVR exposure and endogenous steroid 
production. 

Discussion 

Vitamin D 3 is a steroidal molecule synthesized in the skin by 
an UV light-catalyzed reaction, and therefore, the level of this 
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Table 1. Body mass index, 25(OH)D for each population group, grouped according to the season of the year and UVR values 



Season of the year 





BMI T (kg/m 2 ) 


Summer 


Fall 


Winter 


Spring 


P 


ll\/R fm l/rm 2 l 
\J V t\ \\ IlJ/Ll 11 ) 






3D.O Jl 1 Z.3 


ZD./ Jl D.O 


^3 1 + 7 « 
33. Z Jl /.D 


^n nni T 

nU.UU 1 


Nursing (nmol/L) 


26.3 ± 5.6 a 




36.3 
[12.5-117.3] 


23.0 
[12.5-86.5] 




0.016* 


Community (nmol/L) 


26.7 ± 4.3 a 


54.6 
[12.5-130.0] 


58.0 
[12.5-161.0] 


40.0 
[12.5-190] 


42.8 
[12.5-165.0] 


0.01 0 # 


Active (nmol/L) 


26.8 ± 4.4 a 




77.2 
[21.0-172.0] 




87.5 
[30.0-220.0] 


<0.001* 


Young (nmol/L) 


22.4 ± 3.0 


106.6 ±35.0 




74.8 ± 28.2 


68.0 ± 24.7 


<0.001 T 



UVR values (mJ/cm 2 ) for each season of the year and body mass index (BMI, kg/m 2 ) and 25(OH)D concentration (nmol/L) for each population group, 
grouped according to the season of the year. The parameters with a normal distribution are summarized using the mean and standard deviation, and 
the data with a non-normal distribution are summarized using the median and variation. ^Tukey test; *Mann-Whitney test; # Kruskal-Wallis test; a not 
significant. 



molecule closely related to the Earth's orbit around the sun. The 
efficiency of this synthesis reaction is affected by environmental 
variations, such as the latitude and the concentration of pollut- 
ants in the atmosphere. 12 The level of vitamin D found in food 
sources is extremely low in our environment, where an average of 
140 IU/day or 3.5 (3.0-3.9) |xg/day being ingested. 1314 

The city of Sao Paulo is crossed by the Tropic of Capricorn 
(23°S), and the winter is relatively mild, with temperatures 
rarely falling to 0°C (32°F). Sao Paulo is a large urban center 
and is the largest city in South America with a predominantly 
Caucasian population. There are more than 10 million inhabit- 
ants, and there is a significant concentration of tall buildings and 
industries. 

The seasonal variation in the 25(OH)D blood level is a well- 
established phenomenon in countries with temperate weather. 1 ' 2 ' 15 
Correlations between the 25(OH)D concentration and weather 
parameters, such as the temperature, and the duration of sunlight 
exposure have also been previously demonstrated. 16 " 20 However, 
the existence and biological relevance of this phenomenon in 
places with lower latitudes have been poorly documented to date. 
This study found a clear seasonal pattern for the UV radiation 
incidence in the city of Sao Paulo (Fig. 1). This seasonal pat- 
tern had an apparent influence on the 25(OH)D concentration, 
which followed a sinusoidal model, as previously described by 
Stryd et al. 1 and Sherman et al. 2 Moreover, different population 
groups were evaluated, and there were marked differences in the 
25(OH)D level according to sunlight exposure and age. 

The NURSING and COMMUNITY groups had very low 
levels of 25(OH)D, and 88.7% and 81.9% of the members of 
these groups, respectively, had values lower than 75.0 nmol/L. 
These low levels are most likely due to the short duration of expo- 
sure to sunlight, which created a smaller variation in the vita- 
min D status for these groups compared with the variation in the 
YOUNG and ACTIVE groups. 

An interesting fact is that ACTIVE people had frequent 
sunlight exposure during their participation in outdoor physi- 
cal activity. It has been demonstrated that elderly individuals 
living in institutions have lower vitamin D levels than elderly 



individuals living at home. 20 ' 21 Our data suggest that if they are 
exposed to sunlight more frequently, these people would achieve 
adequate 25(OH)D levels, even taking into consideration the 
fact that the synthesis capacity of the skin is lower for the elderly 
than for younger people, and this conclusion is consistent with 
previous observations. 5 ' 22 ' 23 

In a study published by our group, there was an excellent cor- 
relation between the current mean 25(OH)D concentration and 
the mean UVR value from the previous season (r = +0.98). 24 In 
the present study, a one-season delay was observed between the 
nadirs of the UVR and 25(OH)D levels. This dyssynchrony 
has already been described by others and may be related to both 
the half-life and skin synthesis of vitamin D 3 . In the Geelong 
Osteoporosis Study, performed in Australia (38-39°S), the 
authors found a 1-mo delay between the lowest level of radia- 
tion and the lowest 25(OH)D concentration. 15 In a study per- 
formed in Adelaide, Australia (36°S), Need et al. 25 also found this 
dyssynchrony, which was correlated with the body mass index. 
These authors demonstrated that for the obese, the delay between 
the two lowest values was two months, whereas the delay was one 
month for the non-obese. No BMI differences were found among 
the ACTIVE, COMMUNITY and NURSING groups (Table 
1). Olivieri et al. 26 demonstrated that young individuals confined 
to Antarctica for one year, where they were totally deprived of 
sunlight exposure during the winter, had 25(OH)D concentra- 
tion nadirs after four months of no sunlight exposure. 

The positive aspects of this study include the inclusion of a 
large number of individuals living in the same city and the use 
of the same laboratory assays for 25(OH)D determination. The 
limitations include the lack of information on the duration and 
quantity of radiation that the individuals received. Most of the 
individuals evaluated were Caucasian, closely representing the 
composition of individuals in the city of Sao Paulo. However, our 
data cannot be extrapolated to the rest of the country because of 
the large area covered by Brazil. This country includes areas with 
different geographical characteristics related to the latitude (var- 
ies from 5°N to 33°S), different weather conditions and popula- 
tions with different genetic backgrounds. In addition, there are 
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Figure 2. Models representing the sinusoidal curves for each group, which were created from the equation presented in Table 2. The months are 
represented numerically (1 - January, 2 - February, ....). 
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different sunlight exposure habits that are appropriate for each 
location, these habits are important determining factors of the 
vitamin D status. 

Patients and Methods 

Subjects. The study protocol was previously approved by the 
Ethics Committee of UNIFESP, and all volunteers gave written 
informed consent. 

With the cross-sectional SPADES study, we aimed to compile 
data from different population groups living in the city of Sao 
Paulo with different ages and distinct behavioral patterns. The 
final size of the population included in the SPADES study was 
591 individuals. In relation to ethnicity, the study population was 
predominantly Caucasian (84.4%). The data for the individual 
populations used in this study have already been published else- 
where, and the objective of the present study was to evaluate these 
groups together because the past studies using these populations 
were all performed in the same city, during the same time period 
and using the same 25(OH)D assay. 24,27 " 30 

The first population studied, the NURSING group, was 
composed of individuals who lived in two nursing homes in the 
city of Sao Paulo. Most of the individuals who live in these nurs- 
ing homes are from low-income families that have little access 
to health services, and for this reason, the health conditions of 
these individuals are generally poor when they are taken to nurs- 
ing homes. Individuals with creatinine values above 2.0 mg/dL, 
hypercalcemia or hypocalcemia, and those who were confined 
to bed were excluded from the study. The final sample included 
177 individuals (128 women and 49 men; mean age, 76.2 ± 9.0 y 
old). Blood samples were drawn during the months of April (fall; 
37.3% of individuals) and July (winter; 62.7% of individuals). 24,27 

The second group, the COMMUNITY group, was formed 
from a cohort study (EPIDOSO) performed with people who 
lived in the district around UNIFESP (Universidade Federal de 
Sao Paulo). Data from 243 elderly members of this community 
were analyzed (168 women and 75 men; mean age, 79.6 ± 5.3 y 
old) after sample collection throughout the year. 27,28 

The third group, the ACTIVE group, consisted of 99 indi- 
viduals (52 women and 47 men; mean age, 67.6 ± 5.4 y old), 88 
of whom provided a second blood sample (88.9%) at a different 
time point. The first collection time point was in June (winter), 
and the second was in December (summer). This group was com- 
posed of people enrolled in a physical activity program targeting 
the elderly. 29 

The fourth group, named the YOUNG group, consisted of 72 
individuals (40 women and 32 men) with a mean age of 23.9 ± 
2.8 y old, ranging from 17 to 35. Blood samples were collected 
between February (summer) and August (winter). 30 

Methods. The blood samples were drawn after an 8 h fast, 
and the 25(OH)D level was measured. All serum samples were 
collected into refrigerated tubes, processed in refrigerated cen- 
trifuges, and frozen at -20°C before analysis. The 25(OH)D 
concentrations were determined using an immunoradiometric 
assay (Diagnostics Nichols Institute). The intra-assay coefficient 
of variation was 4.8%, and the inter-assay coefficient of variation 



P 1 +P 2 -ma(r~(f-P 3 y) 

Table 2. Using the formula equa- 
tions to predict the UVR level (mJ/cm 2 ) and 25(OH)D concentration 
(nmol/L) for each group were developed 





PI 


P2 


P3 




(Mean value) 


(Amplitude) 


(Time phase) 


Radiation 


44.9 ± 0.5 


22.7 ± 0.7 


39.2 ± 0.3 


Nursing 


37.3 ± 2.9 


7.1 ± 0.1 


35.5 ±1.1 


Community 


51.1 ± 1.0 


10.5 ±1.5 


18.1 ±0.3 


Active 


85.2 ± 9.1 


12.8 ±0.8 


35.1 ± 0.1 


Young 


93.3 ±1.8 


25.4 ±2.3 


30.5 ± 0.2 



PI represents the mean value, P2 represents the amplitude and P3 is 
the time phase parameter. The delay represents the time in months be- 
tween the lowest value for the U V radiation level and the lowest 25(01-1) 
D concentration for each group. 

was 16.0% for the lowest values (mean: 35.5 nmol/L) and 3.0% 
for the highest control (mean: 154.0 nmol/L). 

The daily doses of UVR accumulated between 7 a.m. and 
5 p.m. were determined using a UVB501 sunlight biometer 
properly calibrated and adjusted every 10 min. 31 The data were 
obtained locally by the Institute of Atmospheric Sciences of 
the Universidade de Sao Paulo (23°34'S) during the same time 
period as that during which the blood samples were collected for 
the NURSING and COMMUNITY groups. 

The level of UVR throughout the year exhibits a sinusoidal- 
like pattern that repeats every 12 mo (2n712). In this study, we 
determined if the variation in the 25(OH)D concentration fol- 
lows the same pattern. Sinusoidal formulas that predict the UVR 
and 25(OH)D values according to the month of the year were 
created using Origin 5.0 (Microcal Inc.). A nonlinear fitting 
method was used to fit the UVR intensity and the 25(OH)D 
concentration to the sinusoidal model 



/>+P 2 . s in(--^. (*-/>)) 

where P J is the mean value, P 2 is the oscillation amplitude and P 
is the time phase parameter. This same program was used to cre- 
ate the graph shown in Figure 2. 

Statistical analysis. The strategy used for the statistical analy- 
sis after ANOVA was performed to identify significant differ- 
ences between more than two groups followed this protocol: 
when the experimental data had a normal distribution, the Tukey 
test was used (UVR and 25(OH)D in relation to the season of 
the year and BMI of the subjects). When the distribution was not 
normal, the Kruska-Wallis was used (differences in the 25 (OH) 
D level within the COMMUNITY group). The Mann-Whitney 
test was used to evaluate the differences in the 25(OH)D concen- 
tration between the ACTIVE and NURSING groups in relation 
to the season of the year. 

The correlation between the 25(OH)D level and the UVR 
level during the same season and the correlation between the 
current 25(OH)D level and the UVR level from the previous 
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Figure 3. Distribution of the mean UVR and 25(OH)D levels for each group according to the month of the year and their respective curves created us- 
ing sinusoidal equations. Graphical representation of the delay between the lowest UVR level and the lowest 25(OH)D level for the NURSING group. 



season were evaluated using Pearson's correlation coefficients. 
The parameters with normal distributions were summarized 
using the mean ± SD (standard deviation), and the data that were 
not normally distributed were summarized using the median and 
variation. Differences were considered significant when p < 0.05. 

Conclusions 

These data demonstrate the existence of a sinusoidal seasonal 
variation in the 25(OH)D concentration in all the groups stud- 
ied. The amplitude of the variation was higher for the groups 
composed of young people and those who practice outdoor 



physical activities, possibly due to the higher level of sunlight 
exposure. The lowest 25(OH)D concentration was found in the 
spring, and the low level corresponds to the consumption of the 
25(OH)D stores formed during the previous summer. 
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